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SILICON CARBIDE EPITAXIAL GROWTH
DEVICE AND METHOD OF
MANUFACTURING SILICON CARBIDE
EPITAXIAL WAFER

BACKGROUND OF THE INVENTION

Field of the Invention

The present mnvention relates to a silicon carbide epitaxial
growth device and a method of manufacturing a silicon
carbide epitaxial wafer.

Description of the Background Art

A semiconductor device using silicon carbide signifi-
cantly reduces power loss, reduces 1n size of the semicon-
ductor device, and achieves energy saving during power
conversion. Therefore, attention has been paid to a semi-
conductor device that 1s useful for realizing a low-carbon
society 1n terms of improving the performance of railways
and electric vehicles, or improving the functions of solar cell
systems and the like.

In order to manufacture a semiconductor using silicon
carbide, a film whose carrier density 1s highly precisely
controlled 1s deposited on a silicon carbide substrate by the
thermal chemical vapor deposition method (CVD method)
or the like with the use of a silicon carbide epitaxial growth
device. At this time, the silicon carbide substrate 1s heated to
a high temperature of about 1500° C. or higher. The epitaxial
growth layer 1s to be made 1nto n-type, for example, by using
nitrogen as doping in addition to the supplied growth gas.

Conventionally, when epitaxially growth 1s fostered on a
silicon carbide substrate, manufacturing thereol 1s per-
formed using a susceptor for arranging a water which 1s a
silicon carbide substrate. The susceptor 1s formed from a
carbon matenal, and the surface layer of the susceptor 1s a
s1licon carbide layer, and a tantalum carbide layer 1s formed
in the concave portion where the water 1s placed (Japanese
Patent Application Laid-Open No. 2016-008319).

When epitaxially growing 1s fostered on a silicon carbide
substrate using a susceptor on which such a silicon carbide
substrate 1s mounted, 1n plane of epitaxial {ilm deposition on
the silicon carbide substrate, carrier density of the epitaxial
growth layer in the vicinity of peripheral edge portion of
susceptor, or, on the outer peripheral side of the silicon
carbide substrate tends to increase, istead of even carrier
density. That 1s, when an even carrier density cannot be

obtained, proper device characteristics cannot be obtained,
and this has affected the yield.

SUMMARY

Accordingly, the present invention has been made 1 view
of the above problem, and to provide a technique capable of
fostering epitaxial growth so that an even carrier density 1s
obtained on a silicon carbide substrate.

The silicon carbide epitaxial growth device according to
the present invention includes a water holder on which a
silicon carbide substrate 1s mounted, a turntable on which
the wafer holder 1s mounted, a susceptor covering the silicon
carbide substrate and the wafer holder, and into which a
growth gas, a doping gas, and a carrier gas are supplied,
induction heating coils provided around the susceptor, and a
tantalum carbide member mounted on a peripheral edge
portion in an upper portion of the water holder and outside
of the silicon carbide substrate.
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2

Epitaxial growth 1s fostered so that an even carrier density
1s obtained on a silicon carbide substrate.

These and other objects, features, aspects and advantages
ol the present invention will become more apparent from the

following detailed description of the present invention when
taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view illustrating a main part of
a silicon carbide epitaxial growth device according to
Embodiments 1 and 2;

FIG. 2 1s a top view of a waler holder 1n the silicon carbide
epitaxial growth device according to Embodiment 1;

FIG. 3 1s a flowchart illustrating a method of manufac-
turing a silicon carbide epitaxial waler according to Embodi-
ment 1;

FIG. 4 1s a top view of a waler holder 1n the silicon carbide
epitaxial growth device according to Embodiment 2;

FIG. 35 1s a cross-sectional view illustrating a main part of
a silicon carbide epitaxial growth device according to
Embodiment 3; and

FIG. 6 1s a top view of a waler holder 1n the silicon carbide
epitaxial growth device according to Embodiment 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

A silicon carbide epitaxial growth device according to
Embodiment 1 will be described. FIG. 1 1s a cross-sectional
view 1llustrating a main part of a silicon carbide epitaxial
growth device according to Embodiment 1. FIG. 2 1s a top
view ol a waler holder 2 in the silicon carbide epitaxial
growth device according to Embodiment 1. Regarding the
relationship between FIG. 1 and FIG. 2, a cross section taken
along the line B-B corresponding to the diameter in the top
view 1llustrated 1n FIG. 2 corresponds to FIG. 1, and the
waler holder 2 1s mounted 1n the susceptor 6 of the silicon
carbide epitaxial growth device.

As 1llustrated 1n FIG. 1, the silicon carbide epitaxial
growth device includes the water holder 2 on which a silicon
carbide substrate 1 1s mounted, a turntable 5 on which the
waler holder 2 1s mounted, a susceptor 6 covering the water
holder 2 and the turntable 5 like a chamber, and 1induction
heating coils 7. The disk-shaped water holder 2 1s mounted
on the turntable 5 and rotates at a constant speed together
with the turntable 5. As illustrated in FIGS. 1 and 2, a
plurality of water pockets 3 are formed on the front surface
of water holder 2 by counterbore processing, and the silicon
carbide substrates 1 are mounted 1n the water pockets 3. The
turntable 5 and the wafer holder 2 are arranged in the
susceptor 6 and are induction-heated together with susceptor
6, the turntable 5 and the wafer holder 2 by the induction
heating coils 7 placed around susceptor 6, to heat the silicon
carbide substrates 1 to a predetermined temperature.

The susceptor 6 1s supplied with the growth gas. An arrow
A 1llustrated in FIG. 1 indicates flows of the growth gas, the
doping gas, and the carrier gas. As the growth gas, the SiH,
gas (silane gas) containing silicon atoms and the C,H, gas
(propane gas) containing carbon atoms are adoptable. The
carrier gas containing hydrogen can be used. The tempera-
ture of the silicon carbide substrate 1 1s, for example, 1500°
C. or higher and 1700° C. or lower and the pressure 1n the
susceptor 6 is, for example, 5x10° Pa or higher and 1x10* Pa
or lower. If necessary, the nitrogen gas for n-type impurity
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doping 1s supplied simultaneously with the growth gas. An
organometallic material contaiming Al, B, or Be for p-type
impurity doping may also be supplied. Further, HCI can be
used 1n addition to the S1H,, gas, or SiH,Cl, (dichlorosilane)
can be used as an alternative of the SiH, gas, in order to
increase the growth rate. Accordingly, the silicon carbide
substrate 1 can be epitaxially grown by a thermal chemical
vapor deposition method (CVD method) or the like.

The silicon carbide substrate 1 has a thickness of about
0.1 to 0.5 mm, and has a size of any of 4, 6, and 8 inches.
After the epitaxial growth layer 1s formed, an element region
1s further formed, and finally, a power semiconductor ele-

ment such as a Metal-Oxide-Semiconductor Field-Effect
Transistor (IMOSFET) or a diode 1s obtained.

The water holder 2 has a thickness of about 3 mm, the
turntable 5 on which the water holder 2 1s mounted has a
thickness of about 6 mm, and the susceptor 6 has a thickness
of about 10 mm.

The water holder 2, the turntable 5, and susceptor 6 are
formed from a carbon material, and the surface layer of
waler holder 2 1s a silicon carbide layer (about 0.1 mm in
thickness). A tantalum carbide member 4 1s mounted on the
peripheral edge portion of the water holder 2 outside each
waler pocket 3. The tantalum carbide member 4 has a
vertical width of about 5 to 15 mm, a horizontal width of
about 10 to 40 mm, a thickness of about 0.2 to 2 mm, and
1s formed from a carbon material, and the surface layer
thereot 1s a tantalum carbide layer (about 0.02 to 0.06 mm
in thickness).

The reason why the maternial of the water holder 2, the
turntable 5 and the susceptor 6 i1s carbon and the surface
layers thereof are formed from a silicon carbide layer 1s that,
when forming an epitaxial growth layer on the silicon
carbide substrate 1, the silicon carbide substrate 1 needs to
be heated to about 1500° C. or higher, and they are necessary
to have resistance to the heat. If the surface layers of the
waler holder 2, the turntable 5, and the susceptor 6 have no
silicon carbide layer, that 1s, only the carbon matenal, the
carbon material may generate dust during the formation of
the epitaxial growth layer. When the particles of the carbon
material that have been dusted adhere to the silicon carbide
substrate 1 and the epitaxial growth layer 1s formed with the
particles adhered, the crystal grows abnormally starting
from the place where the particles of the carbon material
have adhered, and crystal defects are found 1n the epitaxial
growth layer. Therefore, 1t 1s necessary to cover with silicon
carbide.

When forming an epitaxial growth layer on the silicon
carbide substrate 1, 1t 1s desirable that the carrier density of
the epitaxial growth layer be even 1n plane of the epitaxial
growth layer in order to obtain proper device characteristics.
If the carrier density of the epitaxial growth layer 1s exces-
sively higher than the desired carrier density, the breakdown
voltage decreases as the resistance value decreases, resulting,
in a decrease 1 yield. Conversely, if the carrier density 1s
excessively lower than the desired carrier density, the resis-
tance value increases, resulting 1n a decrease 1n yield.

However, when the epitaxial growth layer 1s formed on
the silicon carbide substrate 1, the ambient temperature of
the water holder 2 1s lower than the temperature of the
central portion of the water holder 2, so that the amount of
nitrogen 1ncorporated into the deposits that react with the
growth gas and adhere increases in the peripheral edge
portion of the waler holder 2 covered with silicon carbide.
As a result, nitrogen 1s released from the deposits on the
peripheral edge portion of the water holder 2 and the
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4

released amount increases, so that the carrier density on the
outer peripheral side of silicon carbide substrate 1 in the
vicinity thereof increases.

Meanwhile, the tantalum carbide member 4 does not
contain much nitrogen because the reaction with the growth
gas 1s small and the adhesion of the deposit 1s suppressed. By
mounting the tantalum carbide member 4 at the peripheral
edge portion of the watfer holder 2 on the outside the silicon
carbide substrates 1, the influence of nitrogen 1s suppressed
on the outer peripheral side of the silicon carbide substrate
1, so that the even carrier density 1n plane of epitaxial film
deposition on the silicon carbide substrate 1 1s obtained.
And, desired proper device characteristics can be obtained.

As 1llustrated 1n FIGS. 1 and 2, there are four concave
portions on the waler holder 2, and a tantalum carbide
member 4 1s mounted on each concave portion. Each con-
cave portion 1s located at the peripheral edge portion of
waler holder 2 and outside each silicon carbide substrate 1.
As 1llustrated 1n FI1G. 2, there are four water pockets 3 on the
wafer holder 2; therefore, the silicon carbide substrate 1 1s
to be mounted at each of the four locations, accordingly the
tantalum carbide member 4 1s also to be mounted at each of
the four locations. As described above, the number of
mountable tantalum carbide members 4 corresponds to the
number of silicon carbide substrates 1 to be mounted on the
waler holder 2.

By mounting the tantalum carbide members 4 at the
concave portions on the water holder 2, the exposed upper
surface of the waler holder 2, the upper surfaces of the
silicon carbide substrates 1, and the upper surfaces of the
tantalum carbide members 4 are flush with each other, as
illustrated 1n FIG. 1.

The tantalum carbide member 4 1s replaceable. The tan-
talum carbide member 4 hardly reacts with the growth gas
as compared with a member coated with silicon carbide (for
example, the water holder 2), so that the amount of deposits
1s highly small.

However, in order to form an epitaxial growth layer on the
silicon carbide substrate 1, a process time of about 1 to 8
hours 1s required, and when the tantalum carbide member 4
1s used many times to form the epitaxial growth layer,
deposits may adhere to the tantalum carbide member 4. In
that case, an epitaxial growth layer 1s formed on the silicon
carbide substrate 1 by replacing with a new tantalum carbide
member 4 to which no deposit 1s adhered, and mounting the
tantalum carbide member 4 on the water holder 2. The used
tantalum carbide member 4 that has been replaced can be
reused by removing adhered deposits by polishing or etch-
ing. As described above, in the silicon carbide epitaxial
growth device, epitaxial growth can be always fostered so as
to have an even carrier density on the silicon carbide
substrate 1, and as a result, proper device characteristics can
be obtained. Further, the productivity 1s stabilized, and the
yield can be significantly improved.

The tantalum carbide member 4 1s not limited to the shape
as 1llustrated in FIG. 2. Similarly, a replaceable fan shape,
triangular shape, or square shape may also be adoptable. In
view ol polishing or etching, any shape except intricate
shapes 1s adoptable.

As described above, in the silicon carbide epitaxial
growth device according to the present invention, the
amount of nitrogen supplied on the outer peripheral side of
the silicon carbide substrate 1 1n the vicinity of the periph-
eral edge portion of the wafer holder 2 1s reduced by the
tantalum carbide member 4 by mounting the tantalum car-
bide member 4 at the peripheral edge portion 1n an upper
portion of the water holder 2 mounted on the turntable 5 and
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on the outer peripheral side of the silicon carbide substrates
1, being heated by the induction heating coils 7 placed
around the susceptor 6, and supplying the growth gas or the
like into the susceptor 6, thereby increasing the carrier
density 1n the epitaxial growth layer on the outer peripheral
side of silicon carbide substrate 1 1s suppressed. Accord-
ingly, the silicon carbide epitaxial growth device of the
present invention 1s capable of fostering epitaxial growth so
that an even carrier density 1s obtained on a silicon carbide
substrate 1.

In addition, the carnier density of the epitaxial growth
layer becomes even; therefore, stable and proper device
characteristics can be obtained. Further, the above configu-
ration can significantly improve the yield as a silicon carbide
epitaxial growth device.

Next, a method of manufacturing the silicon carbide
epitaxial water according to Embodiment 1 of the present
invention will be described referring to a tlowchart 1llus-
trated 1n FIG. 3. In order to form an epitaxial growth layer
on silicon carbide substrate 1 using the silicon carbide
epitaxial growth device, the tantalum carbide member 4 1s
mounted on (loaded with) the watfer holder 2 and the silicon
carbide substrate 1 1s mounted on the water pocket 3. Then,
a transier mechanism (not shown) places the water holder 2
on which the tantalum carbide member 4 and the silicon
carbide substrate 1 are mounted on the turntable 5 provided
in the susceptor 6 (S101).

Next, the mnside of the susceptor 6 1s evacuated to a
reduced pressure. Then, power 1s supplied to the induction
heating coils 7 placed around the susceptor 6. By supplying
power to the mduction heating coils 7, the susceptor 6, the
turntable 5, and the water holder 2 are inductively heated.
When the susceptor 6, the turntable 5 and the water holder
2 are inductively heated, the silicon carbide substrate 1 1s
heated by radiant heat from the inner wall and the like of the
susceptor 6, and heat conduction from the turntable 5 and the
waler holder 2 (8102). When the temperature of silicon
carbide substrate 1 reaches a desired temperature, the growth
gas, the doping gas and the carrier gas are supplied into the
susceptor 6 (5S103). In order to form the epitaxial growth
layer on the silicon carbide substrate 1, the growth gas or the
like supplied 1nto the susceptor 6 needs to be decomposed on
the silicon carbide substrate 1; therefore, the silicon carbide
substrate 1 1s heated to about 1500° C. to 1700° C. 1n
Embodiment 1.

As the growth gas, the SiH, gas, the C,H, gas, the
nitrogen gas as n-type impurity doping, and hydrogen as
carrier gas are supplied. As indicated by the arrow A 1n FIG.
1, the susceptor 6 has a structure 1n which the growth gas 1s
supplied and exhausted at the same time, so that the sus-
ceptor 6 1s always filled with a new gas. Note that a structure
in which gas flows from the upper part to the lower part of
the susceptor 6 illustrated 1n FIG. 1 may also be adopted.

In Embodiment 1, the silicon carbide substrate 1 1s heated
to about 1500° C. to 1700° C.; therefore, the growth gas
supplied into susceptor 6 1s decomposed on the silicon
carbide substrate 1. Then, the epitaxial growth layer can be
formed on the silicon carbide substrate 1. When the epitaxial
growth layer 1s formed to a desired thickness, the supply of
the growth gas 1nto the susceptor 6 1s stopped, and the power
supply to the induction heating coils 7 1s also stopped
(S104). Thereafter, the water holder 2 1s carried out of the
susceptor 6 from the turntable 5, and the silicon carbide
substrate 1 on which the epitaxial growth layer 1s formed 1s
unloaded from the watfer pocket 3 (5105).

The silicon carbide substrate 1 on which the epitaxial
growth layer 1s formed 1s referred to as a silicon carbide
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epitaxial water in Embodiment 1. The method of forming
the epitaxial growth layer on the silicon carbide substrate 1
using the silicon carbide epitaxial growth device according
to Embodiment 1 of the present invention described above
1s a method of manufacturing a silicon carbide epitaxial
waler.

As described above, the method of manufacturing the
silicon carbide epitaxial wafer according to the present
invention includes a carrying-in step (S101) in which a
transier mechanism (not shown) carries the water holder 2
loaded with the silicon carbide substrate 1 and the tantalum
carbide member 4 to the turntable 5 in the susceptor 6; a
heating step (5102) in which the induction heating coils 7
heat the silicon carbide substrate 1, the water holder 2, the
turntable 5, and the susceptor 6; a gas supply step (S103) of
supplying a growth gas, a doping gas and a carrier gas 1nto
the susceptor 6; a cooling step (5104) of stopping heating
and gas supply; and a carrying-out step (S105) 1n which the
transier mechanism (not shown) carries the water holder 2
loaded with the silicon carbide substrate 1 and the tantalum
carbide member 4 out of the susceptor 6 from the turntable
5, and unloads the silicon carbide substrate 1 on which the
epitaxial growth layer 1s formed from the watfer pocket 3.

According to the above manufacturing method, epitaxial
growth can be fostered on silicon carbide substrate 1 so as
to have an even carrier density, therefore, stable and proper
device characteristics can be obtained. Further, the manu-
facturing vyield of the silicon carbide epitaxial water 1is
significantly improved.

As described above, in the silicon carbide epitaxial
growth device according to Embodiment 1, the amount of
nitrogen supplied on the outer peripheral side of the silicon
carbide substrate 1 1n the vicinity of the peripheral edge
portion 1n the upper portion of the watfer holder 2 1s reduced
by the tantalum carbide member 4 by mounting the turntable
5 after mounting the tantalum carbide member 4 on the outer
peripheral side of silicon carbide substrate 1 which 1s at the
peripheral edge portion of the water holder 2, being heated
by the mnduction heating coils 7 placed around the susceptor
6, and supplying the growth gas, the doping gas and the
carrier gas into the susceptor 6, thereby the carrier dens1ty 1n
the epitaxial growth layer 1s suppressed from increasing on
the outer peripheral side of silicon carbide substrate 1. With
the above configuration, when an epitaxial grewth layer 1s
formed on the silicon carbide substrate 1, the carrier density
of the silicon carbide epitaxial water becomes even; there-
fore, stable and proper device characteristics can be
obtained. Further, the yield 1s significantly improved 1n the
process of manufacturing of epitaxial growth.

Note that the tantalum carbide member 4 may be mounted
not on the water holder 2 but on the outer periphery of the
silicon carbide substrate 1 1n the watfer pocket 3 having a
larger area than the silicon carbide substrate 1. Similarly, the
epitaxial growth layer of silicon carbide substrate 1 has an
even carrier density; therefore, stable and proper device
characteristics can be obtained.

Also 1n the tantalum carbide member 4, although, it 1s
preferable that the surface layer thickness of tantalum car-
bide 1s as small as possible because the warp increases when
the surface layer thickness of tantalum carbide 1s large, the
surtace thickness of the tantalum carbide member 4 can be
determined based on the result obtained from the life of
usage 1n consideration of the eflect of warpage due to the
s1ze of the tantalum carbide member 4 and the wear property
due to the frequency of use.

Other materials can be substituted as long as the reactivity
with the growth gas 1s as low as that of the tantalum carbide
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member 4, and the same eflect can be obtained. For
example, a member made of silicon carbide or carbon

having high crystallinity manufactured by the CVD method
and having a surface polished may be used. Alternatively, a
member obtained by forming a silicon carbide layer on
carbon having a surface polished may also be used.

The silicon carbide substrate 1 1s not limited to the silicon
carbide substrate 1, a compound substrate such as GaN 1s
also adoptable thereby the same eflect can be obtained.

Embodiment 2

FIG. 4 1s a top view of a waler holder 1n the silicon carbide
epitaxial growth device according to Embodiment 2. In a
silicon carbide epitaxial growth device according to
Embodiment 2, many configurations thereof are common to
those of Embodiment 1. Therefore, points that differ from
the silicon carbide epitaxial growth device in Embodiment 1
will be described, and the same or corresponding compo-
nents will be denoted by the same reference numerals and
description thereof will be omitted. Embodiment 2 differs
from Embodiment 1 in configuration in which one tantalum
carbide member 8 1s provided on the peripheral edge portion
of the water holder 2, and outside silicon carbide substrate
1.

The tantalum carbide member 8 has an annular shape as
illustrated 1n FIG. 4, and has a width of about 5 to 20 mm
and a thickness of about 0.2 to 2 mm. The tantalum carbide
member 8 1s formed from a carbon material, and the surface
layer thereot 1s a tantalum carbide layer (about 0.02 to 0.06
mm 1n thickness).

The tantalum carbide member 8 1s mounted on one
position on the outside of silicon carbide substrate 1, and the
peripheral edge portion 1 the upper portion of the waler
holder 2. For example, as illustrated in FIG. 4, the water
holder 2 has four watfer pockets 3 so that the silicon carbide
substrates 1 are mounted at four places, while the tantalum
carbide member 8 1s provided only at one place.

The cross-sectional view 1llustrating the main part of the
silicon carbide epitaxial growth device according to
Embodiment 2 1s the same as that illustrated in FIG. 1. The
difference from Embodiment 1 1s that the tantalum carbide
member 4 15 replaced with the tantalum carbide member 8.

As described above, when the epitaxial growth layer 1s
formed on the silicon carbide substrate 1, only one the
tantalum carbide member 8 1s mounted along the outward
shape of the waler holder 2 regardless of the size of the
silicon carbide substrate 1 and the number of the silicon
carbide substrates 1 mounted on the wafer holder 2. The
number of tantalum carbide members 8 mounted can be
significantly reduced with respect to the number of carbide
substrates 1 mounted on the wafer holder 2.

In Embodiment 2, the tantalum carbide member 8 1is
mounted on the water holder 2 at only one position irre-
spective of the number of mounted silicon carbide substrates
1, so that workability and productivity are excellent. In
particular, when the number of the silicon carbide substrates
1 mounted on the water holder 2 1s large, and when the
operation rate of the silicon carbide epitaxial growth device
1s high, the eflect to be exhibited 1s remarkable. In addition,
the number of tantalum carbide members 8 to be mounted 1s
small and the shape of the tantalum carbide member 8 1s
large along the outward shape of watfer holder 2; therefore,
the tantalum carbide members 8 can be prevented from not
being mounted, at the time of manufacturing. Further, the
tantalum carbide member 8 1s exchangeable similarly to that
of the Embodiment 1, so that the tantalum carbide member
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8 can be changed to a tantalum carbide member 8 to which
no deposit 1s adhered. Accordingly, epitaxial growth can be

fostered on silicon carbide substrate 1 so as to have an even
carrier density, therefore, stable and proper device charac-
teristics can be obtained.

The tantalum carbide member 8 only needs to be provided
on the peripheral edge portion of the wafer holder 2 and
outside of silicon carbide substrate 1, and the shape thereof
1s not limited to an annular shape.

Although 1t depends on workability and productivity, the
number of tantalum carbide members 8 need not be limited
to one for the watfer holder 2, a plurality of tantalum carbide
members 8, for example, two may be adoptable.

The method of manufacturing the silicon carbide epitaxial
water 1n which the epitaxial growth layer 1s formed on the
silicon carbide substrate 1 using the above silicon carbide
epitaxial growth device 1s as the same as that of Embodiment
1, and with the method, epitaxial growth can be fostered on
silicon carbide substrate 1 so as to have an even carrier
density.

Embodiment 3

FIG. 5 1s a cross-sectional view illustrating a main part of
a silicon carbide epitaxial growth device according to
Embodiment 3. FIG. 6 1s a top view ol a water holder 2 1n
the silicon carbide epitaxial growth device according to
Embodiment 3. In a silicon carbide epitaxial growth device
according to Embodiment 3, many configurations thereof
are common to those of Embodiment 1. Therefore, points
that difler from the silicon carbide epitaxial growth device in
Embodiment 1 will be described, and the same or corre-
sponding components will be denoted by the same reference
numerals and description thereotf will be omitted. Embodi-
ment 3 differs from Embodiment 1 in configuration 1n which
the outer peripheral edge of the water holder 2 1s concave
and has a step shape, a tantalum carbide member 9 1is
provided at a step on the outer peripheral edge of the water
holder 2 outside the silicon carbide substrate 1.

As 1llustrated 1n FIGS. 5 and 6, the water holder 2 has a
step shape being a groove extending along the outer periph-
ery thereof. The step 1s about 0.2 to 2 mm. The tantalum
carbide member 9 having an annular shape 1s mounted at the
step.

The tantalum carbide member 9 has an annular shape as
illustrated 1n FIG. 6, has a width of about 5 to 20 mm and
a thickness of about 0.2 to 2 mm, and 1s 1n contact with the
waler pockets 3. The tantalum carbide member 9 1s formed
from a carbon material, and the surface layer thereof 1s a
tantalum carbide layer (about 0.02 to 0.06 mm 1n thickness).

As 1llustrated 1n FIG. 5, by mounting the tantalum carbide
member 9 at the step in the outer peripheral edge of the
waler holder 2, the height of the tantalum carbide member
9 becomes equal to the upper surfaces of the silicon carbide
substrates 1 and the water holder 2.

As described above, when the epitaxial growth layer 1s
formed on the silicon carbide substrate 1, only one the
tantalum carbide member 9 1s mounted at the step in the
outer peripheral edge of the water holder 2 regardless of the
s1ze of the silicon carbide substrate 1 and the number of the
silicon carbide substrates 1 mounted on the waier holder 2.
The number of tantalum carbide members 9 mounted can be
significantly reduced with respect to the number of carbide
substrates 1 mounted on the wafer holder 2.

In Embodiment 3, the tantalum carbide member 9 is
mounted on the wafer holder 2 at only one position irre-
spective of the number of mounted silicon carbide substrates
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1, so that workability and productivity are excellent. In
particular, when the number of the silicon carbide substrates
1 mounted on the water holder 2 1s large, and when the
operation rate of the silicon carbide epitaxial growth device
1s high, the eflect to be exhibited 1s remarkable. In addition,
the number of tantalum carbide members 9 to be mounted 1s
small and the shape of the tantalum carbide member 9 1s
large along the outer peripheral edge of the waler holder 2;
therefore, the tantalum carbide members 9 can be prevented
from not being mounted, at the time of manufacturing.
Further, the tantalum carbide member 9 1s exchangeable
similarly to that of the Embodiment 1, so that the tantalum
carbide member 9 can be changed to a tantalum carbide
member 9 to which no deposit 1s adhered. In addition, 1t 1s
extremely excellent 1n workability, particularly in mount-
ability on and detachability from the wafer holder 2. Accord-
ingly, epitaxial growth can be fostered on silicon carbide
substrate 1 so as to have an even carrier density, therefore,
stable and proper device characteristics can be obtained.

The tantalum carbide member 9 only needs to be mounted
at the step on the outer peripheral edge of the water holder
2 and outside the silicon carbide substrate 1, and the shape
thereot 1s not limited to an annular shape.

Although it depends on workability and productivity, the
number of tantalum carbide members 9 need not be limited
to one for the water holder 2, a plurality of tantalum carbide
members 9, for example, two may be adoptable.

The method of manufacturing the silicon carbide epitaxial
water 1n which the epitaxial growth layer 1s formed on the
silicon carbide substrate 1 using the above silicon carbide
epitaxial growth device 1s as the same as that of Embodiment
1, and with the method, epitaxial growth can be fostered on
silicon carbide substrate 1 so as to have an even carrier
density.

It should be noted that Embodiments of the present
invention can be arbitrarily combined and can be appropri-
ately modified or omitted without departing from the scope
of the mvention.

While the mvention has been shown and described in
detail, the foregoing description 1s 1n all aspects 1llustrative
and not restrictive. It 1s therefore understood that numerous
modifications and variations can be devised without depart-
ing from the scope of the invention.

What 1s claimed 1s:

1. A silicon carbide epitaxial growth device comprising:

a waler holder on which a silicon carbide substrate 1s
mounted;

a turntable on which the water holder 1s mounted;

a susceptor covering the silicon carbide substrate and the
waler holder, and into which a growth gas, a doping
gas, and a carrier gas are supplied;

induction heating coils provided around the susceptor;
and

10

15

20

25

30

35

40

45

50

10

a tantalum carbide member mounted into the surface on a
peripheral edge portion 1n an upper portion of the water
holder and only at an outer edge of the silicon carbide
substrate closest to an outermost periphery of the water

holder.
2. The silicon carbide epitaxial growth device according
to claim 1, wherein
the tantalum carbide member includes a tantalum carbide
layer as a surface layer thereof which 1s formed from a
carbon matenal, the tantalum carbide member being
replaceable.
3. The silicon carbide epitaxial growth device according
to claim 1, wherein
the tantalum carbide member has a shape extending along
an outer peripheral of the wafer holder which 1s on
outside of the silicon carbide substrate.
4. The silicon carbide epitaxial growth device according
to claim 1, wherein
the watler holder has a step shape at a peripheral edge
portion thereof and the tantalum carbide member 1s
mounted at a step of the peripheral edge portion of the
waler holder.
5. A method of manufacturing a silicon carbide epitaxial
waler comprising:
carrying a waler holder loaded with a silicon carbide
substrate and a tantalum carbide member mounted nto
the surface on a peripheral edge portion 1 an upper
portion of the watfer holder to a turntable 1n a susceptor
by a transier mechanism such that the tantalum carbide
member 1s arranged at only an outer edge of the silicon
carbide substrate closest to an outermost periphery of
the water holder:
heating the silicon carbide substrate, the water holder, and
the turntable by induction heating coils provided
around the susceptor;
supplying a growth gas, a doping gas and a carrier gas into
the susceptor;
cooling by stopping heating and gas supply; and
carrying the wafer holder out of the turntable by the
transier mechanism and unloading the silicon carbide
substrate.
6. The silicon carbide epitaxial growth device according
to claim 1, wherein
the portion of the surface of the water holder into which
the tantalum carbide member 1s mounted 1s separate
from the portion of the surface of the water holder that
the silicon carbide substrate 1s mounted.
7. The method according to claim 5, wherein
the portion of the surface of the watfer holder into which
the tantalum carbide member 1s mounted 1s separate
from the portion of the surface of the watfer holder that
the silicon carbide substrate 1s mounted.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

